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ABSTRACT: 

PURPOSE: To improve the characteristics of a Zener diode 
thereby to improve the 

reliability of a semiconductor integrated circuit device 
by reducing a second 

semiconductor region smaller than a first semiconductor 
region in the first 

semiconductor region and the second semiconductor region 
disposed under the 

first region for forming the diode to separate the edge 

of the second region 

from the edge of the first region. 

CONSTITUTION: A first conductivity type first 
semiconductor region 10 is formed 

on the well region 2 of a semiconductor substrate 1, a 
second conductivity type 

second semiconductor region 9 is provided under the 
region 10 to form a diode. 
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The region 9 is reduced smaller than the region 10 to 
separate the edge of the 

region 9 from the edge of the region 10, and a distance 1 
between the edges is 

reduced. Thus, since the region 9 is not overlapped on a 
channel stopper 

region 4, the breakdown strength of a Zener diode is not 
deteriorated, and the 

extension of a depleted region 11 extended from the 
region 10 to the region 2 

is reduced. Thus. it is not contacted with the region 
14 formed between the 

region 2 and the substrate 1 to improve the 
characteristics . 
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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 
[Handotai shuseki kairo sochi] 



Inventors: Ken Sugawara, et al. 

Applicants: K.K. Hitachi Seisakusho, et al. 

[There are no amendments to this patent.] 

Claims 

1 . A semiconductor integrated circuit device characterized in that it has a diode configured 
with a semiconductor region of a first-conductivity type provided on the surface of a well region 
of a semiconductor substrate and a semiconductor region of a second conductivity type provided 
below it, the edge part of the second semiconductor region is separated from the edge part of the 
first semiconductor region by making the aforementioned second semiconductor region smaller 
than the first semiconductor region, and the distance between the edge parts is minimal. 

2. The semiconductor integrated circuit device described in Claim 1 characterized in that 
the edge part of the aforementioned first semiconductor region is prescribed by a field isolation 
film, and a channel stopper region with the same conductance type as that of the second 
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semiconductor region constituting a part of the aforementioned diode is provided below said field 
isolation film. 

3. The semiconductor integrated circuit device described in Claim 1 characterized in that 
the distance fi*om the edge part of the aforementioned first semiconductor region to the second 
semiconductor region isminimized to the extent at which_a depletion region extending fi-pm the 
first semiconductor region to the well region and a depletion region created between the 
semiconductor substrate and the well region are not joined together. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a semiconductor integrated circuit device. More 
specifically, it pertains to an effective technology to be applied to a semiconductor integrated 
circuit device equipped with a Zener diode. 

Prior art 

EEPROM (Electrically Erasable and Programmable ROM) is one type of semiconductor 
storage device. Its memory cell is formed in a well region, and it is configured using a MISFET 
having an MNOS (Metal Nitride Oxide transistor) structure. To write information, Vcc (for 
example, 5V) is applied to its gate electrode, and -Vpp (for example, -lOV) is applied to the well 
region. To erase, -Vpp (for example, -lOV) is applied to the gate electrode, and (for example, 
5V) is applied to the well region. The -Vpp voltage is generated by a boot strap circuit, for 
example, and a Zener diode is provided between the boot strap circuit and a decoder circuit in 
order to stabilize it. 

Although the following is not a publicized technology, the technology has been examined 
by the present inventors, and is outlined below. 

The aforementioned Zener diode has a configuration in which an n^-type semiconductor 
region is formed on the surface of a p'-type well region, and a p'-type semiconductor region is 
formed below it. A field isolation film which prescribes the n^-type semiconductor region is 
provided around it. In addition, a p-channel stopper region is provided below said field isolation 
film. When the edge part of the p'-type semiconductor region of the aforementioned diode is laid 
over the p-channel stopper region, the impurity concentration at said part increases. This induces 
a drop in the breakdown voltage of the Zener diode. Thus, it was necessary to make the p'-type 
semiconductor region smaller than the n^-type semiconductor region, so that p" -type 
semiconductor region would not overlap with the p-channel stopper region. Furthermore, 
technology related to Zener diode is described on page 693 of the "Semiconductor Handbook" 
published on June 30 of 1991 by Ohmsha. 
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Problem to be solved by the invention 

The present inventors tested the aforementioned Zener diode, examined the results, and 
found the following problem, 

No p^type_seniiGj3nductpr region is prov^ part of the n'-type 

semiconductor region of the aforementioned Zener diode. Thus, when -Vpp is applied to the 
aforementioned n^'-type semiconductor region, a large depletion region extends from the n'^-type 
semiconductor region to the p"-type well region. If said depletion region comes into contact with 
(pinch off) the depletion region created between the p'-type well region and an n"-type 
semiconductor substrate, the Zener characteristic of the diode ends up being altered. In other 
words, the -Vpp voltage cannot be stabilized. 

A purpose of the present invention is to improve the reliability of a semiconductor 
integrated circuit device. 

Another purpose of the present invention is to improve the diode characteristic. 

The aforementioned purpose, another purpose, and a new feature of the present invention 
will be clarified by the descriptions in the present specifications and attached figures. 

Means to solve the problem 

An outline of a typical invention among those disclosed in the present patent application 
can be explained briefly as follows. 

That is, in the first semiconductor region and the second semiconductor region provided 
below it which constitute the Zener diode, the aforementioned second semiconductor region is 
made smaller than the first semiconductor region in order to separate the edge part of the second 
semiconductor region from the first semiconductor region. In addition, the distance from the edge 
part of the aforementioned first semiconductor region to the edge part of the second 
semiconductor region is made short. 

Function 

Because the second semiconductor region is never overlapped with the channel stopper 
region when the aforementioned means is used, the breakdovm voltage of the Zener diode does 
not deteriorate; and because the degree the depletion region extends from the first semiconductor 
region to the well region is reduced, said depletion region never comes into contact with the 
depletion region created between the well region and the semiconductor substrate; so that the 
characteristic can be improved. 

The present invention will be explained below along with an application example. 
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Application example 

Figure 1 is a plan view of the Zener diode in the present application example, and Figure 2 
is a cross sectional view of Figure 1 along the line A- A. Furthermore, no isolation film other than 
the field isolation film is illustrated in order to make the configuration of the Zener diode easier to 

In Figures 1 and 2, 1 is a semiconductor substrate made of an n" -type single-crystalline 
silicon, and 2 is a p'-type well region provided on the main plane part of semiconductor substrate 
L Field isolation films made of silicon oxide films formed by means of oxidation of the surfaces of 
semiconductor substrate 1 and well region 2 are provided at prescribed parts on said surfaces, 
p-type channel stopper region 4 is provided below field isolation film 3 at well region 2. 

The Zener diode in the present application example comprises n^-type semiconductor 
region 10 formed on the surface of well region 2 and p"-type semiconductor region 9 formed 
below it. Edge part of n^-type semiconductor region 10 is prescribed by field isolation film 3u. 
p"-type semiconductor region 9 is made smaller than n^-type semiconductor region 10, so that its 
edge part does not overlap with p-type channel stopper region 4. p^-type semiconductor region 5 
is formed on the surface of well region 2 at the perimeter part of field isolation film 3u. Thin 
silicon oxide film 12 and interlayer insulating film 13 configured with silicon oxide film formed by 
means of CVD, for example, and a phosphorous silicate glass (PSG) film cover the surface of well 
region 2, 

Wiring 8 made of an aluminum film is connected to n^-type semiconductor region 10 
through connection holes 6 created by removing isolation film 13 and thin silicon oxide film 12 
selectively. On the other hand, wiring 7 made of an aluminum film is connected to p^-type 
semiconductor region 5 formed on the surface of well region 2 through connection holes 6. 

Source potential Vcc, for example, 5V, is applied to n^-type semiconductor region 10 via 
wiring 8. Negative high voltage -Vpp (for example, -lOV) generated by a boot strap circuit (not 
illustrated) is applied to well region 2 via wiring 7 and p^-type semiconductor region 5. 
Therefore, -15V is applied to the Zener diode comprising n^-type semiconductor region 10 and 
p'-type semiconductor region 9. Because the breakdown voltage of the Zener diode is set 
to -15 V, when the voltage applied to well region 2, that is, the voltage generated by the boot 
strap circuit, becomes a voltage higher than -lOV, a breakdown occurs, and Zener current Iz 
flows. 

Because the bias is inverted between aforementioned n^-type semiconductor region 10 and 
p"-type semiconductor region 9, depletion region 1 Iv is created between them. Although depletion 
region 1 U is created similarly between n^-type semiconductor region 10 and p'-type well region 2, 
because the impurity concentration at well region 2 is lower than that at p"-type semiconductor 
region 9, depletion region 1 lu extends deep into well region 2. On the other hand, because the 
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bias is inverted between well region 2 and semiconductor substrate 1, depletion region 14 is 
created between them. A channel is created between depletion region 1 lu and depletion region 14 
for Zener current I^. 

In the present application example, distance 1 between the edge part of n^-type 

semiconductor region 1.0_and the edge part_of p^-Jype_seniic region^ is reduced to 4 jim 

or so in order to prevent said channel from entering the pinch off status. 

According to the experiment by the present inventors, as shown in Figure 3, the zener 
voltage of the Zener diode can be kept at -15V as long as aforementioned distance 1 is 4 ^m or 
smaller. That is, depletion regions 1 lu and 14 are never pinched off. Furthermore, Figure 3 is a 
graph showing the dielectric withstanding characteristic of the Zener diode; wherein, the 
horizontal axis indicates aforementioned distance 1, and the vertical axis indicates the breakdown 
voltage characteristic of the Zener diode. 

The experiment by the present inventors involves the impurity concentration of 10^ [»"«giWe] 
atoms/cm2 or so for n^-type semiconductor region 10, the impurity concentration of lo^^*"^^***^^^ 
atoms/cm2 or so for p"-type semiconductor region 9, and the impurity concentration of 10^ 
atoms/cm2 or so for p"-type well region 2. In addition, the voltage applied to n^-type 
semiconductor region 10 is source voltage Vcc (for example, 5V or so), and negative high 
voltage -Vpp applied to p"-type well region 2 is -lOV or so. In addition, the joining depth of 
n'^-type semiconductor region 10 is 0.4 jim or so, and the joining depth of well region 2 is 4.5 nm 
or so. 

Here, it is important that the extension of depletion region 1 lu is dependent not only on 
distance 1 but also on the impurity concentrations at n^-type semiconductor region 10 and p'-type 
well region 2, and that it changes depending on the voltages applied to n^-type semiconductor 
region 10 and well region. Furthermore, whether depletion regions 1 U and 14 are pinched off or 
not is dependent on the joining depths of n^-type semiconductor region 10 and well region 2. 

Therefore, aforementioned distance 1 is not necessarily limited to 4 |nm. What is important 
is that the aforementioned various kinds of conditions must be taken into consideration, so that 
depletion regions 1 lu and 14 are not pinched off. 

As explained above, because distance 1 from the edge part of n^-type semiconductor 
region 10 to the edge part of p*-type semiconductor region 9 which constitute the Zener diode is 
minimized, the extension of depletion region 1 lu from n^-type semiconductor region 10 to well 
region 2 is reduced, so that the path for Zener current Iz between depletion regions 1 lu and 14 is 
never pinched off. Therefore, the Zener diode characteristic can be improved. 

Accordingly, because negative high voltage -Vpp generated by the boot strap circuit can be 
well stabilized, the reliability of the memory cell in terms of write and erase can be improved. 
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The specifics of the present invention have been explained based on an application 
example above. However, the present invention is not limited to the aforementioned application 
example, and it can be modified in a variety of ways without going beyond the range of its gist. 

Effect o£the invention _ _ 

Effect obtained by a typical invention of those disclosed in the present patent application 

can be explained briefly as follows. 

That is, because the path (channel) in which the Zener current flows is never pinched off, 

the Zener diode characteristics can be improved. 

Brief description of the figures 

Figure 1 is a plan view of the Zener diode of an application example of the present 
invention. 

Figure 2 is a cross sectional view of Figure 1 along line A- A. 

Figure 3 is a graph showing the breakdown voltage characteristic of the aforementioned 
Zener diode. 

In the figures, 1 . . . semiconductor substrate; 2 . . . well region; 3 . . . field isolation film; 4 
. . . channel stopper region; 5 . . . semiconductor region; 6 . . . connection hole; 7, 8 . . . wiring 
(aluminum); 9, 10 ... semiconductor region (Zener diode); llu, llv, 14 ... depletion region; 12 ... 
silicon oxide film; 13 . . . insulating film; and 1 . . . distance fi*om the edge part of n'"-type 
semiconductor region 10 to the edge part of p'-type semiconductor region 9. 




Figure 1 
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2 p"-type well region 

4 p-channel stopper region 

9 P -type semiconductor region 

10 n^-type semiconductor region 
11 V, 1 lu Depletion region 

1 4 Depletion region 
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p"-type semiconductor region 9 
Iz Zener current 
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Breakdown vohage of Zener diode (V) 



